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   Abstract  
Background : Tissue Doppler Imaging (TDI) is a sensitive index of myocardial function. Its role in the fetus has not been
extensively evaluated.
Objective: To compare myocardial tissue Doppler velocities in fetuses with hypoplastic left heart syndrome (HLHS) to those of
normal fetuses (matched for gestational age.)
Methods: Cross-sectional retrospective study conducted at 2 large perinatal centers (2003-2007). Fetuses with HLHS ( n = 13)
were compared with normal fetuses ( n = 207) in 5 gestational age groups. TDI data included peak systolic (s'), peak early (e'),
and late diastolic velocities (a'). Linear regression was used to compare TDI parameters in fetuses with HLHS to normal fetuses
matched for gestational age.
Results: Fetuses with HLHS had significantly reduced lateral tricuspid annular e' as compared to normal fetuses. Both normal
fetuses and those with HLHS had linear increase in TDI velocities with advancing gestational age.
Conclusions: TDI velocities are abnormal in fetuses with HLHS. TDI can be useful in serial follow-up of cardiac function in
fetuses with HLHS.
Keywords: Cardiac function, fetal echocardiography, hypoplastic left heart syndrome, tissue doppler
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Tissue Doppler Imaging (TDI) is a well-established tool to evaluate both systolic and diastolic ventricular function. [1] This
technique has been validated in normal children and adults and in a wide variety of pathophysiological conditions.
[2],[3],[4],[5],[6],[7],[8],[9],[10],[11] Pulsed-wave Doppler sampling at the base of the heart in the apical four-chamber orientation
allows evaluation of myocardial motion in the longitudinal plane. Measurements of peak myocardial velocities in early (e') and
late diastole (a') as well as systole (s') are sensitive indices of diastolic and systolic function, respectively. In addition, peak
myocardial velocity during isovolumetric contraction can also be measured as a load-independent index of systolic ventricular
function. Time intervals of isovolumetric contraction (ICT) and relaxation (IRT) can be obtained from TDI tracings as additional
useful time indices of ventricular function.
TDI has now been incorporated into the standard transthoracic echocardiogram performed in both children and adults.
However, this technique has not been extensively validated in the fetus. While fetal echocardiography has evolved
tremendously over the last decade, assessment of ventricular function in the fetus still remains challenging. The most
commonly used qualitative method of functional assessment in the fetus is a visual estimation of systolic function. Perinatal
cardiologists are interested in a reliable tool to quantitate ventricular function to aid in clinical assessment and prognosis. This
need for reliable quantitation of ventricular function may become even more important with the advent of fetal cardiac
intervention, such as fetal aortic balloon valvuloplasty for critical aortic stenosis. [12]
   Aims  
To compare myocardial tissue doppler velocities in fetuses with hypoplastic left heart syndrome (HLHS) to those of normal
fetuses matched for gestational age.
   Methods  
This retrospective study was performed at 2 large perinatal cardiology practice centers between 2003 and 2007. The study was
approved by the Institutional Review Boards at both institutions. Fetal tissue Doppler data were obtained, including
measurements of the early diastolic (e'), late diastolic (a') and systolic (s') velocity in cm/s.
Fetuses that were found to have a completely normal anatomical and functional scan constituted Group 1 (Control Group, n0 =
207). In fetuses that had serial studies, only the first study with TDI velocities was included. Thus each study in this series
represents an individual fetus. Gestational ages of these normal fetuses ( n = 207) ranged from 16 to 38 weeks as shown
below:
A) <20 weeks ( n = 9)
B) 20-25 weeks ( n = 79)
C) 25-30 weeks ( n = 63)
D) 30-35 weeks ( n = 36)
E) >35 weeks ( n = 20)
Twenty-five fetuses with HLHS were evaluated during this time period; however, adequate tissue Doppler tracings were
obtained in only 13 of these. These 13 fetuses with HLHS constituted Group 2 ( n = 13).
Exclusion criteria
Fetuses of diabetic mothers were not included in either group because of the potential hypertrophic effect of maternal diabetes.
Similarly, fetuses with other systemic abnormalities that might potentially affect ventricular function were excluded, such as
fetuses with hydrops, twin-twin transfusion syndrome, diaphragmatic hernia, or large pulmonary cystic adenomatoid
malformations.
Image acquisition
Imaging was performed using the Acuson Sequoia ultrasound system (Siemens Medical Solutions, Mountain View, CA, USA)
at both imaging sites. Myocardial TDI velocities were acquired using instantaneous pulsed-wave Doppler at the base of the
fetal heart in the 4-chamber view aligned as parallel as possible to the plane of longitudinal motion. If it was not possible to
obtain a doppler tracing with less than a 20 degree angle of insonation, the value was not recorded. Tracings were obtained
from the interventricular septum, lateral tricuspid annulus and lateral mitral annulus. Doppler sweep speed was increased to
obtain good spatial and temporal resolution of tracings.
Measurements were made directly from the Acuson Sequoia (Siemens Medical Solutions, Mountain View, CA, USA) or off-line
using the Xcelera Imaging Station software (Philips Medical Systems, Andover, MA, USA). Interobserver variability was
measured by comparing TDI measurements between 2 observers at each site from 10 random studies.
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The Student's t test was used to analyze the differences between each group. A P value of <0.05 was considered significant.
Linear regression models using analysis of covariance (ANCOVA) comparing groups adjusted for gestational age as a
continuous covariate were generated.
   Results  
Normal fetuses
Two hundred and seven normal fetuses were analyzed in this study between 2003 and 2007 in the groups as described above
[Table 1]. [Figure 1] demonstrates a typical fetal tissue doppler tracing.
Figure 1: Pulsed-wave doppler tissue doppler tracing in a normal fetus
Click here to view
Table 1: Normal fetal tissue doppler imaging velocities throughout gestation (Mean ± SD)
Click here to view
A significant linear increase in all tissue doppler velocities was noted with advancing gestational age. Interpretable TDI tracings
could be obtained in over 60% of fetuses for any given parameter. The most reliable tracings were those from the lateral
tricuspid annulus, while those from the interventricular septum were most difficult to acquire. As has been previously published.
[13],[14],[15],[16],[17],[18],[19] , there is a linear increase in TDI velocities with gestational age. This trend and derived regression
equations are shown in [Figure 2], [Figure 3] and [Figure 4].
Figure 2: Linear increase in lateral tricuspid annular tissue doppler imaging velocities with
gestational age in normal fetuses
Click here to view
Figure 3: Linear increase in lateral mitral annular tissue doppler imaging velocities with
gestational age in normal fetuses
Click here to view
Figure 4: Linear increase interventricular septal tissue doppler imaging velocities with
gestational age in normal fetuses
Click here to view
Fetuses with HLHS
During this same time period, 25 fetuses with HLHS were evaluated. Only fetuses that had adequate tissue Doppler tracings
including reliable early diastolic (e'), late diastolic (a') and systolic (s') waves were included in the analysis. Out of the 25
fetuses with HLHS, adequate complete tissue Doppler tracings were obtained on 13 of them. Since gestational age has a
profound influence on the fetal TDI velocities, we used gestational age as a continuous co-variable to determine the differences
between fetuses with HLHS and normal fetal controls of comparable gestational age. Linear regression derived differences in
mean TDI velocities were noted. [Figure 5] shows a comparison of TDI velocities in fetuses with HLHS as compared to normal
controls. The lateral tricuspid annular e' was significantly lower than normal in fetuses with HLHS as compared to normal
controls. This difference was noted at all gestation ages. There were no significant differences in a' and s' between fetuses with
HLHS and controls.
Figure 5: Comparison of lateral tricuspid annular e' velocity in fetuses with hypoplastic left
heart syndrome to normal fetuses
Click here to view
Interobserver variability
There was very good interobserver variability with mean variability of approximately 5% (range 0-16%). There was no evidence
of systematic bias.
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   Discussion  
TDI is a sensitive and specific index of ventricular function and has been well validated in a wide variety of cardiovascular
disorders in adults and children. There is a paucity of data, however, on TDI velocities in the fetus. [13],[14],[15],[16],[17],[18],[19]
Since the first step in utilizing TDI data is to establish normative data over a wide range of gestational ages, we included a
large number of normal fetuses in the study (n = 207). Analysis of the normal controls demonstrates progressive increase in
longitudinal TDI velocities from early to late gestation. The reasons for this are thought to be multifactorial and improvement in
myocardial contractility and compliance with advancing gestation have been noted by several authors. [16],[20] However, there
is also some suggestion that the increase in velocity may merely be a reflection of increased translation - the myocardium
moves through a greater distance as the heart grows without a change in the timing intervals thus leading to an increase in
absolute velocity. After birth TDI velocities continue to increase steadily from the neonate to adolescence due to significant
changes in cardiac size and ventricular mass. [3] Our fetal data serve as a similar reference standard for comparison in fetuses
with congenital heart disease.
Nii et al. have published normative fetal tissue Doppler velocities in 114 fetuses ranging from 14 to 42 weeks gestation. [20]
Their TDI velocities were acquired utilizing color myocardial Doppler which represent mean TDI velocities, whereas our current
study measured instantaneous pulsed-wave tissue Doppler. Previously, it has been shown that pulsed-wave tissue Doppler
velocities are 20% higher than those derived by color myocardial Doppler. This methodology may explain why myocardial
velocities in our normal values are generally higher than those reported by Nii's group. Nii's study as well as prior studies by
Chan et al. [14] showed a progressive increase in TDI velocities with advancing gestation, which was also demonstrated by our
present large study.
There is, however, no data on TDI in fetuses with congenital heart disease. To our knowledge, this is the first time that a
difference in myocardial tissue velocities has been demonstrated in fetuses with HLHS. The exact reason behind this
abnormality in unclear. We hypothesize that the changes in loading conditions, altered geometry, and differences in fiber
orientation between the right and left ventricles may be responsible for this abnormality. Indeed, it has been shown that a
single morphologic right ventricle may develop predominantly circumferential free wall shortening as opposed to the normal
longitudinal free wall shortening perhaps as an adaptation to the altered geometry and loading conditions. [21]
Potential applications of TDI in the fetus
Data on the clinical utility of TDI in the fetuses is currently lacking. At present, the diagnosis of fetal cardiovascular dysfunction
is based largely on qualitative changes in cardiac size and function that may not be present until very late, including
cardiomegaly, hydrops, or abnormal Doppler flows in the umbilical artery, vein, ductus venosus, and middle cerebral artery. It is
hoped that TDI will provide a more quantitative tool to add to our "cardiovascular profile score." [22] Further studies will be
necessary to determine if TDI can be of prognostic importance. For instance is it possible to predict which fetuses with aortic
stenosis will progress to HLHS by serially analyzing TDI velocities? The relatively low numbers of such fetuses at single
institutions mandates multicenter collaboration in such a research endeavor.
Just as important, TDI may play a role in the evaluation of acute and long-term efficiency of therapeutic interventions. The last
five years have seen significant progress in the arena of fetal intervention for critical aortic valve stenosis, critical pulmonary
valve stenosis [23] and relief of pulmonary venous obstruction in fetuses with HLHS with intact or restrictive atrial septum. While
"success" of these procedures is generally measured by both clinical survival and eventual biventricular repair, it would be
important to have quantitative markers of improvement in cardiac performance that can be measured more reliably. TDI in
combination with other new modalities of assessing ventricular function such as strain and strain rate imaging may add
incremental value and clinical insights in these issues.
This study represents the one of the first studies of tissue Doppler velocities in fetuses with HLHS. Interesting observations
from this study need to be validated by further larger studies in the fetal population.
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